Tumour necrosis factor (TNF) was detected in serum from mice challenged with Paracoccidioides brasiliensis. The serum TNF levels of mice challenged with an avirulent strain were significantly higher than those of mice challenged with a virulent strain, and the same was observed for the TNF levels of mice challenged with a cell wall fraction (Fl) from the two fungal strains. Fraction F1 consisted of chitin and fl-glucan; but although the chitin contents were similar for the two strains, the avirulent strain allowed a greater content of fl-glucan. The fl-glucan, purified from both strains, increased serum TNF levels in an identical dose-dependent manner, whereas purified chitin did not induce serum TNF levels. P. brasiliensis, the Fl fractions and f,-glucan induced macrophages to secrete TNF in vitro. The differences in TNF levels, induced by the different fungal strains, were correlated with the f-glucan concentrations in the cell walls of both the avirulent and virulent strains of P. brasiliensis. These findings support a role for TNF in the pathogenicity of P. brasiliensis.
INTRODUCTION
Paracoccidioidomycosis (Pbmycosis) is a chronic and granulomatous disease caused by the imperfect dimorphic fungus Paracoccidioides brasiliensis [1] . The disease involves mucosae, lymph nodes, the reticuloendothelial system, the pulmonary parenchyma and other internal organs [2] .
The pathogeny of Pbmycosis depends in part upon at least two factors, i.e. the degree and kind of host resistance, and the virulence and pathogenicity of the fungus. Many people are exposed to the organism, but only a small number develop clinical symptoms, suggesting the presence of innate and acquired resistance mechanisms [3] . Thus, cell-mediated immunity is generally a more significant factor than humoral immunity, and activated macrophages appear to provide the major line of defence [4] . The virulence and pathogenicity of the fungus are correlated with several components of the fungal cell wall. Cell wall a-glucan seems to be related to virulence [5] ; and, cell wall JJ-glucan can induce leucocyte migration and a granulomatous inflammatory reaction [6, 7] .
The inflammatory response induced by the Pbmycosis is characterized by macrophage activation and granuloma formation. The granuloma is a mononuclear tissue (macrophage) inflammatory reaction evoked by cell wall components (fraction Fl), and represents a balance between macrophage differentiation and destruction of the causal agent [7] . The full development of granulomas in cell-mediated immunity requires a T lymphocyte immune response, and involves the continued attraction of macrophages and their subsequent differentiation into epithelioid cells capable of preventing dissemination of the causal agent and of efficient killing [8] [9] [10] [11] .
Immunological and inflammatory events can be induced by the P. brasiliensis and their cell wall components. Macrophages play a pivotal role in these events. They are the main source of tumour necrosis factor (TNF), a cytokine with multiple biological activities [12, 13] , a number of which are involved in various aspects of the inflammatory process [14, 15] . TNF levels have been associated with various infectious diseases [16] [17] [18] [19] [20] , and high concentrations of circulating TNF have been demonstrated by our group in Pbmycosis patients [21] . The present study was performed to investigate whether TNF is produced in mice in response to injection of P. brasiliensis or its cell wall components, and whether TNF might be a determining factor involved in the genesis of the inflammatory response observed in Pbmycosis infection.
MATERIALS AND METHODS
Fungal strain and culture conditions The two strains of P. brasiliensis, Pbl8 and Pb265, have been previously described [22] . Yeast-phase fungal cells were cultured at 370C for 28 days in Fava Netto's medium [23] . The cells were then harvested, autoclaved at 120'C, 150 kPa and washed several times with distilled water.
Preparation of cell walls
The washed yeast cells were disrupted by ultrasonic vibration at 200 W for 3 min; this process was repeated six times. Extensive disruption was confirmed by microscopy. The walls were collected and washed three times with distilled water by centrifugation at 5000 g for 5 min. Lipids were extracted by soaking the walls in chloroform/methanol (2: 1, v/v) with stirring at room temperature for 2 h. The extracts were separated by centrifugation at 5000 g for 5 min and the insoluble residue was re-extracted three more times as described above. The resulting insoluble cell residue was named the cell wall fraction.
Fractionation of cell walls Partial fractionation was done by alkaline extraction as described by Kanetsuna & Carbonell [24] . Briefly, cell walls were suspended in 1 N NaOH (10 mg/ml) and gently stirred at room temperature for 1 h. After centrifugation at 5000 g for 10 min, the supernatants were collected, and the procedure was repeated four times combining all the supernatants. The alkali-insoluble sediment was washed with water until it reached pH 7-0 and then washed with ethanol, followed by acetone and diethyl ether. 
Animals
Specific pathogen-free, inbred C57B1/6 mice (6 weeks old) were used in all experiments. Mice were injected intraperitoneally with the preparations to be tested. At appropriate times after challenge, mice were bled and the serum was collected. Serum samples were stored at -70'C until the time for TNF measurement.
Preparation of macrophage supernatant Thioglycollate-elicited macrophages were suspended in Hanks' balanced salt solution (HBSS) to remove non-adherent cells, and cultured with fresh RPMI 1640 medium. The cell monolayers were routinely found to contain > 95% macrophages as determined by morphology using a Giemsa stain or a histochemical assay for non-specific esterase. After 24 h, macrophages were treated with the various stimuli for the time indicated; the supernatants were collected at 24 h, filtered (0-2 ,m pore size membrane), aliquoted, and stored at -70°C. All reagents and media/serum used for macrophage cultures contained less than 0125 ng of endotoxin (lipopolysaccharide (LPS)) per ml as quantified by the Limilus amoebocyte lysate assay.
Measurement of TNF levels TNF was assayed using L929 cells [21, 25] . Briefly, 3 still persisted at 32 days. Biological activity could be neutralized by the addition of polyclonal rabbit anti-TNF antisera at all time points. When mice were challenged with cell wall fractions Fl (100 pg in 0 1 ml of PBS) from both fungal strains (Fig. Ib) , serum TNF levels increased to a mean of 840 U/ml (F I Pb265) and 440 U/mI (Fl Pbl 8) by 4 days after challenge, which was significant compared with control serum levels (150 U/ml). The serum TNF levels measured on the 8th day were significantly increased compared with levels at 4 days (1360 U/ml and 760 U/ml for FlPb265 and FlPbl8, respectively). Serum TNF levels then decreased to a mean of 900 U/ml (Fl Pb265) and 760 U/ml (Fl Pbl 8) by 16 days after challenge, and to 560 U/ml (FlPb265) and 440 U/ml (FIPbl 8) by 32 days after challenge, levels which were still significantly higher than in controls (150 U/ml). Biological activity could be neutralized by the addition of polyclonal rabbit anti-TNF antisera at all time periods. Serum samples from F2-and F3-challenged mice (100 pg in 0 1 ml of PBS) had no detectable TNF levels at any time point tested (data not shown). Chemical analysis of fraction Fl from the two strains revealed that it contained chitin and f3-glucan (Fig. 2) . Differences between the Fl fractions of the two strains were quantitative, particularly in terms of f-glucan content. The F1 of the avirulent strain contained almost four times as much f-glucan as that from the virulent strain. In contrast, similar amounts of chitin were found in the cell walls of both strains. To determine whether increases in serum TNF were due to either of these two cell wall components, mice were challenged with 100 pg in 0 I ml PBS of fi-glucan or chitin purified from FlPbl 8 (Fig. 3) . When mice were challenged with f-glucan, serum TNF levels reached a maximal peak at 16 days (1600 U/ml) and then decreased to a mean of 450 U/ml by 32 days after challenge. These levels were significantly greater than the 150 U/ml formed in controls. Biological activity could be neutralized by the addition of polyclonal rabbit anti-TNF antisera at all time periods. In contrast to the results with f-glucan, serum samples from chitinchallenged mice had no detectable TNF levels at any time point tested. Similar results were obtained when mice were challenged with P-glucan and chitin purified from FlPb265 (data not shown).
Since macrophages are a major source of TNF [14, 26] and are known to play a key role in host defence against P. brasiliensis [27] , further experiments were performed to determine whether the insoluble polysaccharide fl-glucan present on the cell wall of the fungi directly stimulate macrophages to produce TNF in vitro.
First, peritoneal macrophages (106) from uninfected mice were challenged with Pbl8 or Pb265 for 3 h at a ratio of 10 organisms/macrophage. Supernatants were collected at 24 h after challenge and assayed for TNF secretion (Fig. 4) . Macrophages incubated with medium alone for negative control did not secrete a significant amount of TNF (90 U/ml). However, macrophages incubated with medium plus 10 pg/ml of LPS (phenol extract of Escherichia coli 026: 136; Difco Labs, Detroit, MI) for positive control secreted large amounts of TNF (890 U/ ml). The supernatants from Pb265-and Pb18-challenged macrophages secreted detectable TNF levels, six-fold (540 U/ml) and 4-5-fold (410 U/ml) above the levels found in the negative control.
Second, macrophages from uninfected mice challenged for 3 h with 100 pg in 0-1 ml PBS of different cell wall components purified from Pbl8 (a-glucan, P-glucan, chitin and galactomannan), and the supernatants collected 24 h after challenge were assayed for TNF secretion (Fig. 5) . In multiple experiments, high levels of TNF (880 U/ml) were detected in supernatants when macrophages were challenged with f-glucan. Biological activity could be neutralized by the addition of polyclonal rabbit anti-TNF antisera. Macrophages incubated with a-glucan, chitin or galactomannan did not secrete any significant amounts of TNF compared with macrophage incubated with medium alone (negative control). A similar result was obtained when macrophages were challenged with these cell wall components purified from Pb265 (data not shown).
Third, we then attempted to determine whether TNF secretion by macrophages challenged with fl-glucan was concentration-dependent. Macrophages were incubated for 3 h with ,Bglucan concentrations ranging from 10 to 200 Mg/ml and the supernatant was assayed for TNF secretion. TNF secretion was dose-dependent ( Fig. 6 ) and required 100 pg/ml of fl-glucan for maximal induction (900 U/ml). Biological activity at all dose points could be neutralized by the addition of polyclonal rabbit anti-TNF antisera. Similar results were obtained when macro- 
DISCUSSION
In the present study, TNF was detected in serum from mice challenged with strains Pbl 8 and Pb265 (virulent and avirulent, respectively) ofP. brasiliensis. The results show that P. brasiliensis infection is associated with substantially increased serum TNF levels, and high TNF levels have been implicated in the pathogenesis of a number of other serious infectious diseases [16] [17] [18] [19] [20] . We recently demonstrated high levels of circulating TNF in humans infected by P. brasiliensis [21] ; however, the stimuli for TNF production and the role of TNF in the infectious process are unknown. In the present study we made some striking observations concerning the relationship between P. brasiliensis infection in vivo and in vitro and TNF secretion. First, TNF levels increased when the mice were challenged with the cell wall fraction (Fl) from both fungal strains. Second, the serum TNF levels were significantly higher in mice challenged with FlPb265 than in mice challenged with FlPbl8, and the patterns were similar to the TNF levels of mice challenged with the yeast-like forms of both fungal strains (Fig. la) . Third, fraction Fl of the two strains consists of chitin and fl-glucan, with the Fl of the avirulent strain containing much more figlucan than the Fl from the virulent strain. Finally, fl-glucan purified from either strain increased serum TNF levels in an identical dose-dependent manner. Cell wall components have been associated with the dimorphism and virulence of P. brasiliensis [5, 28] . oz-glucan has been strongly implicated in the virulence of the fungus [29] . This polysaccharide exists only in the parasitic yeast form of the fungus, but not in the mycelial form. The reduced cell wall aglucan in mutants or laboratory-passaged strains is directly correlated with a decrease in virulence. On the other hand, mutants with a greater amount of a-glucan have increased virulence. The avirulent strain Pb265, used here, contains 2-6-fold less a-glucan than the virulent Pbl8 strain (unpublished data). We recently demonstrated that the Fl cell wall fraction plays an important role in the inflammatory response evoked by the fungi, inducing leucocyte migration when injected into the peritoneal cavity [22] . When injected into the subcutaneous layer of mice, the F fraction also induces macrophage accumulation, differentiation of epithelioid cells, and the persistence of well formed granulomas [7] . Since the F1 fraction consists of a mixture of chitin and fl-glucan, and chitin does not induce leucocyte migration or granuloma formation, it is likely that f,-glucan is the main active component of the Fl fraction.
The activation of macrophages is correlated with metabolization of the Fl fraction, whose active components are continuously and slowly degraded. In a study of the cell wall architecture, the position of a-glucan and of the chitin and flglucan complex, the strategic arrangement of a-glucan, which is located more externally on the cell wall, protects fl-glucan from metabolism by the host [30] . Because it is retained in the cell wall, 15-glucan could regulate TNF production by macrophages.
JJ-glucan, purified from both fungal strains, was equally capable of inducing TNF production in vivo. In contrast, the F I fraction from the avirulent strain induced higher TNF production than the Fl fraction from the virulent strain. A similar correlation was observed for yeast-like forms of both fungal strains. These results are explained by our finding that TNF production was directly correlated with fl-glucan concentration.
This role of fl-glucan is further supported by studies on TNF production in vitro.
TNF may somehow serve as a host defence mechanism against a wide range of infectious pathogens, and TNF levels appeared to be correlated with the severity of disease caused by these organisms. However, comprehensive understanding of the role of TNF in the pathogenesis of these infectious diseases requires definition of the biochemical components of microbial pathogens which induce TNF release. Ofinterest in this regard is the interaction between mycobacteria and host cells. Lypoarabinomannan (LAM), a major component of Mycobacterium tuberculosis cell-wall, is considered a virulence/pathogenicity factor [311, and LAM isolated from a virulent strain and from an avirulent strain, which have been shown to differ markedly in terms of the structural basis, elicited TNF release by macrophages in a dose-dependent manner, although LAM from the avirulent strain was 100-fold more potent at inducing TNF secretion than LAM from the virulent strain [32] .
Regarding the possible role of TNF, an interesting observation in P. brasiliensis infection is the inflammatory response. Virulent strains, such as Pbl8, induce a large inflammatory influx, and the lesion is characterized by a progressive and granulomatous reaction associated with numerous organisms. In contrast, the avirulent strain Pb265 induces a sparse inflammatory reaction and the lesion is characterized by a nonprogressive macrophage accumulation associated with very few organisms, as suggested by the in vivo experiments. The granulomatous inflammatory reaction represents the most specialized and efficient tissue response of an organism against a parasite [9, 14, 15] . The full development of granulomas requires a T lymphocyte immune response, and involves the continued attraction of monocytes and their differentiation into epithelioid cells [10,1 1] . TNF is required for macrophage accumulation and differentiation into epithelioid cells, and for the persistence of well formed granulomas [14, 15] . It has recently been demonstrated that F1 induces leucocyte migration, attraction, accumulation and differentiation ofmonocytes to epithelioid cells. Those effects were abrogated with enzymatic cleavage of sugars containing the fl-1,3 linkage yield chitin as a final product (unpublished data). These results suggest that fl-glucan is the main active component for these effects. Since fl-glucan is associated with the development of granulomas, and antibody anti-TNF treatment prevented the formation and persistence of mature granulomas (data not shown), we assume that TNF released by macrophages is involved in a process of granuloma development.
TNF has also been shown to be necessary for T cellindependent macrophage activation and interferon-gamma (IFN-y) production [33] . IFN can activate macrophages to secrete TNF and to inhibit the replication of P. brasiliensis [27] . These observations suggest that TNF released by macrophages enhances and perpetuates its own synthesis and secretion. Such effects might favour further macrophage accumulation, epithelioid differentiation and the persistence of well formed granulomas.
The findings presented here provide evidence that TNF is produced in response to P. brasiliensis, and that production by macrophages is directly induced and regulated by several cell wall constituents of the fungus. Though TNF may play a role in the pathogenicity of the inflammatory response induced by the fungus, the full sequence ofevents ultimately responsible for the granuloma formation remains to be elucidated.
